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Introduction
Growth retardation is a major concern in developing countries, despite a decline in the past decades. In 2000, the estimated prevalence of stunting in children younger than five years was 34.4% in Asia, 35.2% in Africa, and 12.6% in Latin America and the Caribbean. Overall prevalence for developing countries was 32.5% 1 .
In Brazil, data from the last national census, carried out in 1996, indicate a reduction in stunting in the past decades; currently, the prevalence of stunting is 10.5% among children younger than five years 2 . While the peak height velocity for the Brazilian population coincides with National Center of Health Statistics (NCHS) standards, after two years of age the growth of children is 5.0% slower than that reported by the NCHS 3 . Growth retardation has consequences throughout the lifespan, such as an increase in the risk of morbidity, mortality, developmental disability, and decrease in adult height, work capacity, and reproductive problems 1 .
Studies suggest that stunting has multiple and interrelated determinants that can be understood as organized in a hierarchical structure 4, 5 . The most important proximal determinants are inadequate dietary intake and illness, usually infectious diseases that are affected by family access to food, water, sanitation, and adequate health services, and the quality of maternal and child-care practices. These living con-ditions of the child are influenced by structural factors at the societal level, particularly political, cultural, religious, economic, and social systems 4, 5, 6, 7, 8 .
This study investigates the effect of socioeconomic, immediate environmental, and individual determinants of growth retardation in children younger than five years in a large population-based survey in Porto Alegre, Rio Grande do Sul, Southern Brazil.
Methods
The study was carried out in the city of Porto Alegre, capital of the State of Rio Grande do Sul. The data analyzed herein were collected in 1990 as part of a cross-sectional study to investigate the nutritional status of 0 to 5 year-old children 9 . These are the most recent population data concerning the health conditions of the children in this area.
The size of the sample was calculated based on the estimated population of 107,902 children within the 0 to 5 year age range in 1990, and on the estimated prevalence of anthropometrical deficits (10.0 to 30.0%; maximal error ± 2%) in this population. The calculation resulted in a sample of 3,379 for a 99% confidence level. This sample size had an 85.0% power to detect an odds ratio ≥ 2.0 for the risk factors under study, considering a minimum prevalence of 10.0%.
The sampling process was carried out in three stages. The first stage was the systematic sampling of 273 out of the 1,648 census tracts as defined by the Brazilian Institute of Geography and Statistics, or National Census Bureau (IBGE). The second stage was the systematic sampling of households, taking into consideration the proportion of children younger than five years living in each of the 273 tracts in relation to the total number of children in these areas. The third stage was a random sampling of one child per home.
A total of 3,475 children were selected, of whom 13 (0.4%) were not enrolled because the family was not at the home after three visits. Seventy-three children (2.2%) were not included due to refusal of the family to participate in the study. From the 3,389 children enrolled, a total of 34 children (1.0%) were excluded: 8 for presenting diseases which affect growth (pituitary dwarfism, Down's syndrome, or severe cerebral palsy); 11 because the mother did not allow measuring the child's height or there were measurement errors in this variable; 15 children who did not have a biological, step, or adoptive mother were also excluded because their numbers were too small to allow analysis of the effect of absence of a social mother on growth.
Data were collected during a visit to the home through an interview, preferably with the mother, who answered a questionnaire after verbal consent. The study presented minimal risk for participants and was approved by the Ethics Committee at the Porto Alegre Municipal Health Department. The questionnaire encompassed three groups of variables ( Figure 1 ): (a) societal processes were indicated by the socioeconomic variables (maternal and paternal schooling and absence of a father from the household and paid work, occupational status of the head of the household and per capita family income). A category "absence of social father" was created in the variable "paternal schooling" for children who did not live with a biological, adoptive, or step father; this prevented excluding a large number of children from the study and also allowed examining the effect of absence of father on child growth. At the time of the study, the money required for feeding one person in Porto Alegre was 0.83 times the prevailing minimum wage per month (one minimum wage = U$65.00); (b) the immediate environment of the child included housing (material and conditions) and family variables (type of parents, single parent, household size, main caretaker, mother's age at the child's birth, birth order, multiple birth, birth interval); and (c) individual variables which included age, gender, health conditions at birth (birth weight and gestational age) and hospitalization during the first and second years of life.
Children's height and length were measured following World Health Organization (WHO) guidelines, and stunting was defined as heightfor-age lower than -2z-score of the NCHS standards 10 .
Non-conditional logistic regression was used to estimate the odds ratio for stunting. The choice of possible confounders for each variable was based on the theoretical framework presented in Figure 1 . This model emphasizes the importance of the societal level, with hierarchically inferior variables being gradually introduced in the regression models. In the first step of the logistic regression, the effect of socioeconomic variables was analyzed without adjustment for the variables belonging to low-er levels. All the variables presenting an association with stunting (p < 0.10) were kept in subsequent stages to be considered as potential confounders. The second step included variables of the child's immediate environment, controlled for the socioeconomic variables selected in step 1. The variables of the immediate environment that were not shown to be associated with stunting (p ≥ 0.10) were not included in the next step. In the third step, individual variables were included and controlled for hierarchically higher variables. The individual variables without statistical association with stunting were removed from the final model. Sex and age were included in step 3 as proximal determinants of growth retardation because they are not determined by societal and environmental variables. The adjusted odds ratio in the tables refer to the step in which the variable was included in the model. This analytical framework enabled us to assess whether the effect of each variable on growth was direct or mediated by other factors 11 . The final model includes only variables associated with stunting and their respective odds ratios as observed at the step when they were first entered into the model 11, 12 . A p-value < 0.05 was considered significant.
Results
Prevalence of stunting was 6.8% and decreased with per capita income and maternal schooling (χ 2 for linear trend; p < 0.000). These two variables were significantly associated with stunting in the first step of logistic regression (Table 1) .
In the second step, housing variables presented a strong association with stunting, even after controlling for other variables on the same hierarchical level and for socioeconomic variables. Among six family variables, only type of parent (biological, step, or other) was associ- Figure 1 Theoretical framework of the determinants of growth retardation.
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• multiple birth ated with stunting; all five maternal variables were associated with stunting ( Table 2 ). The prevalence of stunting increased with birth order (χ 2 for linear trend; p < 0.000). In this step, per capita income lost statistical significance (not in table).
In the third stage, in addition to the variables selected in step 1 and 2, individual variables were entered in the model (Table 3) . Low birth weight (< 2,500g) was associated with risk of height-for-age deficit. No significant association was observed between sex and growth retardation. However, since the significance level was below 0.10, this variable was not excluded. Gestational age was excluded from the final model because it did not present an association within stunting. Children younger than 24 months were twice as likely to present heightfor-age deficit when compared to older children. The duration of hospital admissions during the first year of life was positively associated with risk of stunting (χ 2 for linear trend; 
Discussion
This study has shown several determinants of growth retardation. Among the societal variables, only income and maternal schooling were significantly associated with height deficit. Maternal schooling had the strongest effect on growth, with little variation in magnitude throughout all steps of logistic regression. Children of illiterate mothers were 17 times more likely to present growth deficit than the children of mothers with 11 years of schooling, which reflects the importance of educated mothers for the development of healthy children, as most investigators have observed 13, 14, 15, 16, 17 . Since maternal work was not associated with stunting in the present study, it is likely that the importance of maternal schooling in child growth is more related to the child rearing practices than the mother's contribution to family income. The effect of per capita income on growth deficits can be explained by its importance for the purchase of food and consumer goods that promote and protect the health of children. Several authors have observed a positive association between low income and malnutrition 14, 16, 17, 18, 19 . Height deficit has been specifically associated with income of three or fewer times the minimum wage; there appears to be no difference in terms of risk for different income ranges above this level. In the present study, children from families with lower incomes were four times more likely to present stunting than children in the group above five times the minimum wage.
The introduction of factors related to the child's immediate environment resulted in complete loss of the effect of income on growth retardation, which occurred after inclusion of housing materials and conditions. This suggests that part of the positive effect of income on child height was mediated by the quality of family housing, a proxy of resources invested on quality of life. As in another study 16 , living in non-masonry housing without basic infrastructure increased the likelihood of stunting. A small part of the effect of housing conditions appears to be mediated by gestational age, birth weight, hospitalization, and demographic variables (individual variables in the third stage of the analysis). The weak mediation may be explained by the lack of variables measuring morbidity which do not require hospitalization, mainly infectious diseases 8 . Investigation of these variables, if carried out, would have introduced recall bias into the study.
Among the variables of the family environment, only type of parent was statistically significant after adjustment for confounding, with step parent being a risk factor for stunting. This may be partially explained by the worse health status of adopted children prior to adoption. Similarly to what was observed by Victora et al. 20 , type of family and number of family members were not associated with growth deficit in the present study. It is possible that the effect of these variables is better demonstrated by per capita income, which expresses the relationship between income and the number of family members. The children of mothers younger than 20 years were almost twice as likely to present stunting. A study that addressed this issue has reported that adolescent pregnancy is usually not planned 21 . Furthermore, teenage pregnancy is more common in economically disadvantaged populations, and adolescent mothers tend to have little experience in child rearing and are likely to have few years of education 22 .
Similarly to other studies, birth order greater then second 23, 24 and birth interval less then 24 months 24, 25 and multiple birth were shown to be a risk for stunting in the present study. The effect of multiple birth and short birth interval on growth retardation may be due to the higher risk of low birth weight and inadequate maternal care, which are associated with an increase in the prevalence of health problems, compared to birth interval greater than 24 months or single child 26 .
Birth weight was the individual variable with the strongest effect on height. Low birth weight increased the odds of stunting 3.8-fold. There was no evidence that gestational age had an effect on stunting after adjustment for confounding (step 3), perhaps due to the association between low birth weight and preterm birth. Other studies have also observed a significant association between low birth weight and stunting 14, 27 . Those investigators state that socioeconomic conditions have an effect on the growth of children with low birth weight. Hospital admissions during the first year of life increased the likelihood of growth retardation. Other studies have shown that these hospitalizations usually occur as a result of low birth weight, premature birth, respiratory infection, and diarrhea and have reported a positive association between infections and anthropometric deficits 8, 28, 29, 30 .
The proportion of stunting was higher for children younger then two years as observed in different countries where stunting is prevalent 1, 6, 15 . Age effects should be interpreted with caution because this is a cross-sectional study. Furthermore, this age effect may be partially explained by the disjunction in the NCHS growth curves due to differences in the reference population for children younger than 24 months (The FELS longitudinal study -FELS study) and for those between 2 and 18 years old (NCHS study) 31 . This age effect could be decreased by the use of the Centers for Disease Control and Prevention smoothed growth curves 32 . However, the NCHS curves are recommended by the WHO as the international reference until the new WHO international curves become available 33 .
The data were collected in 1990, but the circumstances addressed in this study appear to have changed little in Porto Alegre. In the present study, maternal schooling was the principal socioeconomic determinant of stunting and low birth weight was the principal individual determinant; the prevalence of 8 years of schooling or less was 48.6%, and the prevalence of low birth weight, 7.9%. Data from the Live Births Information System in Porto Alegre in 2001 34 showed 44.0% of maternal schooling less then 8 years and 9.8% of low birth weight. Although the two studies do not use exactly the same maternal education groups, it is likely that social inequalities and other determinants of stunting are still a public health problem in the city of Porto Alegre, which should be confirmed by further studies.
The determinants of growth retardation identified in this study are in line with the concept of social determination of health 4, 5 . Structural factors at the societal level (maternal education and income) were shown to affect children's growth, perhaps due to their influence on environmental variables such as housing quality, mother's age at the child's birth, type of parents, birth order, and birth interval, which are determinants of the child's overall health and growth. Therefore, these determinants of growth can be used by primary healthcare services to identify vulnerable groups in this population, so as to prevent stunting.
